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HARNESSING NIAGARA. 
BY GEORGE FORBES. 
THERE is no class of professional 
men who travel so much as engineers. 
Their experiences are often full of in-
terest, and at times not devoid of ex-
citement. Yet how seldom it is that 
any account of these travels is found 
in print. 'I'his is partly due to the 
fact that it all seems to the principal 
actor to be all in the day's work, and 
hardly worth committing to paper. 
But there is also a certain pleasure in 
having a store of experiences to relate 
to one's more intimate friends, which 
the vulgar crowd cannot read in a 
book. 
At the present moment I am tempted 
to curb this natural reticence with the 
object of narrating my experiences of 
the last f~w years, which I believe are 
unique in our profession. Our engi-
neers are often called upon to travel in 
difficult countries, and to accomplish 
what look like impossibilities. But it 
is by no means an every-day occurrence 
for the financial men in a great coun-
try l ike the United States, who are not 
in the habit of minimizing the capa-
bilities of their fellow-countrymen, to 
in"Vite a foreigner to carry out one of 
the greatest works of moderu times in 
that country. Some people say that 
the Americans are perhaps too much 
inclined to look upon their countrymen 
as the inventors of Electricity. It is, 
then, all the more surprising that the 
work about which the English engi-
neer was asked to ad vise them was the 
electrical utilization of Niagara Fal ls. 
H must, however, be remembered that 
this work involved entirely new prob-
lems and designs, while the American 
electrician bas less capability of evolv-
ing entirely new plans, or designing 
entirely new machinery, than of adapt-
ing his past experience, exactly as it 
stands, to new conditions. It was for 
this reason that one of the ablest of 
American engineers said in public 
three years ago that it was impossible 
to transmit the power of the Falls to 
Buffalo, some twenty miles, so as to 
make it pay ; whereas we have now es-
tablished lhe fact that the limit of dis-
tance is to be counted by hundreds of 
miles. 
There are two great mistakes com-
monly made as to Americans. One 
is, that they are original inventors ; 
the other is, that they are humorous. 
Neither of these propositions is true. 
n is true that if asked to create a knit-
ting-machine, or a type-writer, or a 
reaper, th3y will put together well-
known mechanical devices to accom-
plish the result. But this is design-
ing, not inventing ; and the cause of 
so much work of this kind being done 
in America is the high price of labor, 
which must be replaced by steam and 
machiner.y. So with humor, with of 
course some brilliant exceptions, their 
periodical literature is filled with so-
called wit, but it smells strongly of the 
midnig;bt oil. I remember an incident 
related to me by an E!ditor of a weekly 
journal. He said, '' Yesterday a poor 
miserable man came into my office and 
laid before me some manuscript and 
said, ' 0 M:r. --, I wish you would 
look through these jokes and pick out 
any you can use. I was working at 
them all last night, and I need money 
badly to bury my poor wife.'" 
Invention and humor require a gift 
of imagination, the same gift that. 
shows itself in poetry and letters, in 
music, painting, and sculpture; and 
in no one of these directions has this 
gift of imagination been found to pre-
dominate among Americans. 
· I have given these reasons why it 
was perhaps natural to have recourse 
to a European to take hold of this 
great and entirely novel problem. An-
other reason is that all their electricians 
who may have had a wide practical ex-
perience are tied to manufacturing 
companies, and cannot be looked upon 
as independent either in thought or 
action ; and since it was pretty certain 
that any plans that might be adopted 
would have much of novelty in them, 
and would be opposed in the first place 
both by scientific men and by the man-
ufacturers, it required that the man 
selected should have nothing to gain 
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or lose by the friendship or hostility 
of these two classes of men. 
When I had finished ru v work at 
Niagara Falls the chairman (or presi-
dent, as he is there called) of the com-
pany wrote me a letter, in the cou rse 
of which he incidentally mentioned 
some of the reasons why I had been 
in vi ted to carry out this work. These 
are given later on in this at'ticle. 
Passing now from these digressions, 
let us come to the Falls themselves. 
I have no talent for pictorial descri p-
tion, and they are well known to a 
large number. of my readers. I will 
only say that the river Niagara leaves 
Lake Erie at the City of Buffalo and 
meanders, innocently enough, through 
level plains for sixteen or eighteen 
miles, passing on the two sides of the 
Grand Island and then opening out 
into a wide lake-like expanse a mile 
wide, where, a mile above the Falls, 
the current becomes more swift. It 
then is parted in two by Goat Island, 
the narrow part dashing down by furi-
ous rapids to the American Fall, which 
is a straight curtain of water shooting 
down a perpendicular height of 160 
feet. The wider branch makes a turn 
round Goat Island a.nd is very wide, 
and the breakers dance merrily in the 
sunshine, until the waters concentrate 
themselves at the Horse-shoe or Cana-
dian, Fall-the greatest volume of wa-
ter being at the V-shaped apex in the 
centre, where the depths of water at 
the lip is s-ufficient to impart a brilliant 
emerald color to the water. From the 
Falls downward for many miles the 
river runs throngh a precipitous gorge. 
For the first mile it is sluggish, but 
with gurgling upheavals of the water 
from below. Then come the terrible 
whirlpool rapids where Captain Webb 
was drowned. After that a sulky re-
pentant river creeps to Lake Ontario. 
There are three things at the Falls 
themf>elves which rivet the at tention. 
1. The water takes four or five seconds 
to fall, and in doing so it assumes the 
most fantastic forms of drapery. 2. 
The mist and spray rising from the 
base of either Fall is drifted by the 
wind, or in a calm rises in a cloud 
1000 feet in height. 3. The third fea-
ture is the noise. You have not only 
the rushing noise of the Rapids, but 
also a booming, at times resembling a 
thunderclap, when the somewhat in-
termittent flow tumbles upon the water 
beneath, and shakes the foundations 
of houses half a mile away. The vil-
lage or town of :K"iagara Falls on the 
American side of the river is bui lt. of 
wood. It is dirty, and the streets are 
bad. Its industry is the catering to 
excursionists. Cheap restaurants, mer-
ry-go-rounds, itinerant photographers, 
and museums of Indi<ln and other curi-
osities are the chief features. 'l'he last 
are mosLly impostures, always except-
ing the world-famed" Katie & Libby's 
Stores," where genuine curios are to 
be found, and many pleasing souvenirs. 
This village is remarkably conducive 
to the concoction of lies, anr'l the Falls 
lend themselves to the art. The proph-
ets of this cult are the hackmen (cab-
drivers), who earn the gratitude of the 
excursionist by the thrill of their nar-
ratives. I believe, however, I have re-
liable evidence fo;· some remarkable 
statements. 1. On the 1st of April 
1848 the Falls ran nearly dry owing to 
a stoppage by ice and a strong east 
wind on the lakes. 2. A drifting ship, 
drawing sixteen feet of water, went 
over the deepest part of the lip of the 
Horse-shoe Fall. 3. A. steamer called 
the Maid of the Mist, built at the Falls, 
traversed the Whir1pool Rapids in or-
der to escape creditors, and reached 
Lake Ontario in safety. I cannot, 
however, vouch for the generally-ac-
cepted statement that in doing so she 
turned a complete somersault. 4. At 
the Whirl pool there is a path descend-
ing to the water to a spot where they 
catch the bodies that float there. 'rhere 
is an average of one suic ide a mouth, 
and they are invariably trapped by the 
WhirlpooL 5. There is another true 
story which is rather startling. A 
hundred yards above the brink of the 
American ]'all a rock ten feet square 
projects for a foot above the water in 
mid-stream. One morning the inhab-
itants awoke and sa1v a man sitting on 
it. The noise of the Rapids prevented 
verbal communication. 'rhey did not, 
do not, and never will know how he 
go t there. · Jie stayed there thirty-six 
hours. The people telegraphed to Buf-
falo, and the railway company sent one 
excursion train after another for thirty-
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six hours to see the man on the rock. 
They painted signs and stuck them up 
for the man to read, saying, "We will 
save you.'' Two hundred yards above 
there is a bridge. From this, by ropes, 
they floated rafts with provisions to 
him. At the end of his stay a big one 
cume for him to get on. What they 
were going to do with him if they got 
him in this seething rapid I know not. 
He tried and failed, and went over the 
Fall, and that is all ! 
People are differently affected .bY 
their first sight of the Falls. Some 
say, " How disappointing !" others, 
"How magnificent!" Sume (Colonel 
Bob Ingersoll was the first to say this 
to me, but I have heard the same from 
others), " How horrible !" and others 
say, " How seductive ! I want to go 
over with the water." 
The Falls in winter are totally differ-
ent from what they are in summer. 
Everv bush and tree is a work in silver 
filigree. 'fhe precipices are concealed 
behind icicles 60 feet long. Every 
rock in the river is the nucleus for a 
dome of frozen spray rising 150 feet it 
may be. · 
When you know the river you will 
love it ; but to know it you must see it 
at every season and at every hour-at 
sunrise, noon, and by moonlight; in 
sunshine and storm; with the mist 
rising as a tower, or drifting away to 
unveil new points of beauty. You 
must know every corner, peaceful or 
violent ; you must see it from above 
and from below, and from every point 
of view, arid always you will hear that 
thundering boom that shakes the 
ground. lt is best to live on the Cana-
di;:tn side at the Clifton House, open 
only in summer. The most impressive 
points of view are those that make you 
feel the smallest. .M:r. Bavard, the 
United States Ambassador i1i London, 
tells me that the only true wa_y to ap· 
preciate the grandeur is in the early 
morning to swim across from the Cana-
dian to the American side, just below 
the Falls. He bas often done it, so be 
ought to know. 
'l'o me the great charm of the Fa1ls 
is their immutability and change. The 
drifting spray and varying light give 
the changes of a kaleidoscope, but the 
volume of water pouring over never 
varies. They remind me of the face 
of a dear friend, always the same but 
never two moments alike . I suppose 
there is nothing to compare with them 
in size or grandeur except the Yictoria 
Falls of the Zambesi ; and Living-
stone, who never exaggerated, said that 
these were the finer. 
The "utilization of Niagara'' is a 
hateful phrase to the lover of nature. 
Bnt it must be stated at the outset that 
what is being done does not in the 
least degree affect its beauty. Only a 
small fraction of the water is to be 
used, and all the works are more than 
a mile above the Falls. 
It is time now to leave the digres-
sions about ,the beauties of iagara to 
expluin how it is possible to make use 
of this power without affecting the 
sceuery. Now " gentle reader," do 
not for a morn en t imagine that I arn 
going to burden you with engineering 
details in any part of this article. I 
hope to a.lluue to them only in such a 
manner as to excite your interest rather 
than to bore you. Any one who has 
visited the Falls of late years knows 
that the land on the two sides has been 
appropriated by the United States and 
Canada respectively for national parks. 
The old mills which used to be in the 
stream above the American Fall have 
been removed for resthetic purposes, 
and the land laid out with some at-
tempt at good taste. On the Canadian 
side the same thing was done, but I re-
gret to say that the rapacity of the Leg-
islature of Ontario has not proved equal 
to withstanding the blandishments of 
the greedy capitalist. Two lines of 
rails traverse the whole of theN ational 
Park at the edge of the gorge. After 
the land had been confiscated bv the 
Government, and the owners had"been 
paid only a fraction of its true value, 
it is now turned into a source of rev-
enue by the Government, and a gold 
mine to the capitalists, at the expense 
of the visitors, who can no longer en-
joy the peucefnl quiet which Lord Duf-
ferin tried so hard to give them. 
In spite of all that the Americans 
have done for preserving the beauty of 
the Fulls, there is one terrible eyesore 
-a large number of mills have been 
erected at the edge of the precipice 
over the gorge. To these the water 
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of the upper river bas been led by a 
canal passing through the town. This 
water drives water-wheels or turbines 
in the mills, and is then shot over as 
waste water down the precipice. Not 
only is this hideous in itself, but it is 
repulsive to the engineer, because of 
the great waste. They use only a few 
feet of the fall, and waste over 100 feet. 
Thirty years ago an American engi-
neer of the name of Evershed proposed 
a plan by which the mills should not 
be in view of the Falls, and by which 
the power might be utilized without 
detracting from their appearance, and 
the fundamental idea of this plan has 
now been actually executed. Mr. 
Evershed's idea was to take in the wa-
ter from the river by a long canal a 
mile or two above the Falls. Along 
the banks of the canal mills were to be 
placed ref]_uiring power. At each mill 
a hole or shaft was to be dug itl the 
ground to a depth of about 150 feet. 
The bottoms of these shafts were to be 
all connected by a long tunnel passing 
from them under the town at a grad-
ual slope and emerging at a tunnel 
mouth below the Falls, on a level with 
the lower river. At each mill-site a 
water-wheel or turbine was to be placed 
at the bottom of the pit, which would 
rotate a vertical steel shaft coming to 
the surface. At the top this shaft 
would, by means of cog-wheels or belts, 
turn the machinery of the mill. In 
this way the canal was to bring water 
to · the pit, and, having given up its 
power to the water-wheels, was to flow 
away by the tunnel into the lower river. 
Such a tunnel has been built, though 
the details of Mr. Evershed's plan have 
been altered. The result is that the 
factories and mills are far distant from 
the Falls, and do not interfere with the 
views. The tunnel bas been built so 
as to be capable of using 100,000 horse-
power or more. There are not many 
manufacturing towns in the world 
whose steam-engines all combined 
would give so enormous an amount of 
power as this. As Dominie Sampson 
would say, " It is prodigious !" 'l'he 
tunnel-mouth can be seen from the 
Canadian side of the river, and looks 
like a mere speck compared with the 
volume of water which is pouring over 
the :Falls. A single glance is sufficient 
to convince anybouy that even when 
100,000 horse-power, or many times 
that, has been used, the effect will be 
imperceptible. But even now the wa-
ter which is being used issues from the 
mouth with great velocity, and sets up 
quite a strong current across the sur-
face of the stream. 
Probably every engineer who ever 
visited this spot has been struck with 
the vast amount of power going to 
waste. But I am very doubtful wheth-
er its use could have been a commercial 
sL1ccess before the electrical art bad 
been so much developed that it was 
possible to distribute power by its 
means for all kinds of purposes. 
N evertbeless, before this question 
bad been entered upon, some New 
York capitalists were found who were 
prepared to take the matter in hand. 
At that date such 'an action was a bold 
stroke ; but fortune in this case favored 
the bold, and the electrical work which 
I have carried out has been done at a 
cost which even now seems incredible 
to many. 
In 1889 the Niagara Falls Power 
Companv was formed to carry out this 
work, and their first act was to buy up 
all the land in the neighborhood. The 
capital subscribed was wholly Ameri-
can, and amounted to £2,000,000, 
about one-half of which has b8en spent. 
The acting committee consisted of rail-
way men and lawyers. The chairman, 
as usual, is called a president. They 
like giving big names to things in 
America. A pond is a lake, and a hill 
is a mountain ; they never speak of 
the sea, it must be called tb e ocean ; a 
meeting is a convention, a dictionary 
is a " speller and a definer," a town is 
a city, a chairman is a president, and 
so on. The only exception I know of 
is that the wealthy people who own 
those charming country residences at 
Tuxedo and Lennox call them cottages. 
But these are not average Americans, 
and in that country the manners and 
customs, as seen by the ordinary trav-
eller, are governed by the average man, 
who is not a good specimen. He is ap£ 
to be a most awful "bounder," bas no 
taste, and does not know the meaning 
of the word " repose;" but you need 
ne>er meet this type except in railway 
trains and hotels. His ideal, as one 
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of them told mil, is to spend his nights 
·" on the cars" and his days in getting 
the better of his fellow-men. But the 
refined American is quite different. 
These are mostly met in Washington 
and the south, and, of coLuse, Boston 
is a thing apart ; and as you approach 
this town you are told that the hum-
ming you hear is the noise of people 
reading Browning. Tnxedo also is a 
great exception, where you can have 
congenial society. It is a large estate 
with woods and lakes and forty miles 
of well-laid rol:tds. Country houses or 
cottagefl have been built all over it, 
and there is an excellent residential 
club-into which, however, the female 
elem~:~nt has progressed so far as to 
have introduced even babies into the 
bedrooms! 
I must really ask to be excused for 
such digressions, but I must tell my 
story in my own way Ol' leave it alone. 
The chairman of the company which 
has utilized the Falls is .M:r. E. D. 
Adams, well known as a banker and a 
reorganizer of railways. The first vice-
president is M:r. F. L. Stetson, a lawyer 
who has also had much experience in 
the finance of railway companies. Mr. 
Cle;-eland, the U.S.A. President, is a 
partner in his law business. The sec-
ond vice-president is :Mr. E . A. Wickes, 
also a rail way-man. The secretary and 
treasurer, Mr. W. B. Rankin, is one of 
the most able and energetic and charm-
ing men J met in the States. I only 
hope he will not utterly min his health 
by overwork. All these are very able 
business men, though not engineers, 
and ~he affairs of the company could 
hardly be in better hands. 
In October 1889 the Niagara Falls 
Power Company was formed to carry 
out the great work of utilizing the 
Niagu,ra Falls on so gigantic a scale 
that all previous attempts to use water-
power at once sank into insignificance. 
The Cataract Construction Uompany 
was at the same time formed by the 
same people to carry out the work. All 
that they had then settled was that 
they would make the tunnel proposed 
by .Evershed for carrying away the used 
water. They had not settled whether 
the mills should be brought to the 
power, or the power to the mills. They 
had no estimates of the cost. If power 
wertl to be distributed to mills and fac-
tories, they had no notion whether it 
would be by means of air or water un-
der pressure in pipes, or by wire ropes, 
or by electricity. None of the acting 
committee were engineers, but they 
had faith in the evolution of ideas 
which would culminate in success. 
In order to obtain more definite ideas 
they invited certain engineers to pre-
pare plans of any methods they might 
think best. These were to be laid be-
foro a Commission of engineers and 
physicists from England, France, Swit-
zerland, and America, ·with Lord Kel-
vin as chairman. 
At first I declined this invitation on 
the grounds that the method of com-
petition is contrary to my professional 
practice, and also that with so no;-el 
a problem I would not accept any man, 
or combination of men, to adjudicate 
upon the project which I might decide 
upon. 
Having learnt, however, accidentally, 
that any electrical plans to be submit-
ted would not be of a satisfactory na-
t.ure, I withdrew my refusal in order 
that a plan, as I conceived on proper 
lines, might be at least in evidence. 
Up to this date there had been only 
one example of electric-power distribu-
tion, and that was in a small village 
called Oyonnaz, on the frontiers of 
France and Switzerland. But the 
problem now before me was entirely 
new in ·many ways, besides being of 
gigantic proportions. The object was 
to send power rather than Z?:ght over 
the wires. But I found that everv dif-
ferent user of the power would "want 
his electricity delivered at a different 
pressure (it is not here necessary to un-
derstand the meaning of the words 
" electric pressure") . House-lighting, 
street-lighting, electric tramways, flour-
mills, metallurgical processes, all re-
quired different "pressures." Also, 
if we were to carry any of this power 
through wires to a distance, '' the press-
ure" must (for sake of economy) be 
very high during transit, and be re-
duced at the place where it is used. 
Now let me say, without explana-
tions, that there are two kinds of elec-
tric current-a " continurus current," 
always flowing in the same direction, 
and an " alternating current," in 
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which the direction of flow is revefsed, 
it may be hundreds of times in a sec-
ond. 
I soon realized the fact that not only 
could the latter current be more easily 
obtained at high pressures, but that it 
could easily, and without moving ma-
chinery, be transformed to any required 
pressure at any spot when it was 
wanted. 
Up to that date, 1890, both kinds of 
electric current had been used for elec-
tric lighting, but the alternating cur-
rent had never been used for giving 
mechanical power except in an experi-
mental way. For this reason it seemed 
to most people absurd to suggest its 
use for Niagara Falls. I would have 
shared this view were it not that for 
several years I had visited the United 
States and the continent of Europe to 
study the progress that others were 
making in electric work. I had thus 
become well acquainted with the sys-
tem which Nicola 'resla, a young Mon-
teuegran, was experimenting on at 
Pittsburg, U .S.A., called a "two-
phase" system. He distributes two 
alternating currents, one of which at-
tains its maximum when the other 'is 
at its zero value. With these two cur-
rents a simple form of motor CO}lld be 
worked to supply power to shops, fac-
tories, or mills. 1 also bad seen many 
things in various parts of Europe not 
generally known in England. Owing 
to these varied experiences, I had an 
opportunity above all others at that 
date of foreseeing that the alternating 
current would soon be very generally 
appli ed not. only to light, but ,also to 
motive power. 
Acting upon this knowledge, I work-
ed out complete plans, using only ma-
chinery which could then be got in the 
open market, and was able to furnish 
complete working plans, drawings, 
specifications, and estimates of cost. 
This laborious work when concluded 
left no doubt in my mind that the al-
ternating current must be adopted. 
The Commission sat upon these 
plans, and, as I expected, denounced 
the alternating current, for none of 
them had had the experience which I 
possessed of the latest developments. 
How well I remember walking along 
l'iccadilly with a member of the Com-
mission. He told me of this decision 
with an air of sympathy with my sup-
posed misfortune. He was somewhat 
surprised when I replied that nothing 
could have given me great'3r satisfac-
tion than this decided expression of 
opinion, "for," I said, "the al ternat-
ing current will certainly be adopted at 
Niagara." 
l heard no more from the promoters 
of this enterprise for over a year. It 
took them all this time to realize that 
the Commission had made a mistake. 
Lord Kelvin was the most violent op-
ponent of the alternating cunent; and 
for long afterward (although he is my 
most esteemed and oldest scientific 
friend), even when I was appointed as 
the consulting engineer, he continued 
to wr1te and cable to the company, 
though his opinion on this point was 
not asked for, telling them that they 
were making a "fatal mistake" if they 
followed my ad vice. His latest expres-
sion of opinion in this sense was in 
November 1894, when my work was 
practically completed. Such a line of 
action has hitherto been unknown 
among professional men. I need hard-
ly say that this opposition on the part 
of so eminent a man was a sLumbling-
block which might well have wrecked 
the whole scheme ; but in this and 
other points where my plans were at 
variance with the opinions of others, 
I was most loyally supported by the 
directors, and through this support 
alone they and I haYe been enabled to 
put the works into their present satis-
factory condition. 
'l'o add to the difficulty, the highest 
scientific authority in the States had 
taken up the same position as r_,ord 
Kelvin. Fortunately, however, the 
year 1891 saw some great developments 
in the use of alternating currents for 
motive power in Europe over a distance 
of 112 miles, and our American oppo-
nent frankly confessed to a change of 
opinion owing to the results then at-
tained. 
Early in the year 1892 it became evi-
dent to the acting committee that the 
views of engineers had been undergoing 
a change, and that the use of alternat-
ing currents for Niagara was a neces 
sity, thus indorsing the prophecy I had 
made long before. They then asked 
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me to act as their electrical consulting began to fall in, and it had to be lined 
engineer, and during that year and the with four courses of bricks, increasing 
next and the next I was almost con- the cost largely and diminishing the 
stantly in the States. The only real capacity from 120,000 to 100,000 horse-
rest I ever got was in my voyages across power. The tunnel is 7000 feet long, 
the Atlantic. I soon came to feel at mostly on a slope of 7 feet in 1000 
home on all the large linP.rs. The feet. At the mouth there is a curved 
Campania, Lucania, Umbria, Etruria, surface of iron for the water to flow 
Majestic, Teutonic, and many others over smoothly. The level of the water 
were havens of rest; and one always below the Falls varies a good deal. 
feels glad to meet old friends in Cap- Sometimes it is far uelow the tunnel-
tains M' Micken (now, alas ! dead), month, at other times it is several feet 
Haines, Parcell, Walker, M'Kay, 1\Iur- above. 
ray, and many others. The misfor- The plan of having a separate shaft 
tune is that at most seasons the only for a mill has been adopted in only 
class who travel much are American one case, the largest paper-mill in the 
bagmen, or drummers, and they are country, where at present 3300 horse -
not a favorable class to judge Ameri- power is being used. The paper is 
cans by. made out of wood-pulp, and trunks of 
Sometimes I li ved in New York, trees have to be ground down for this 
where the offices were ; sometimes at purpose. 'rhis accounts for the large 
Niagara, to be near the works. I did amount of power used. 
not care to go much into society, but It is intended to supply all the rest 
I made some very firm friends, spe- of t.he power from a great power-house 
cially the Hewilts, and our amiable where electricity is ge1ierated. Within 
Consul-General Sir William Booker this building a slot in the ground, com-
and his charming American wife. My municating with the tunnel, has been 
greatest friend of former days had been excavated to a depth of 150 feet. It 
S. L. M. Barlow, a well-known and re- is 20 feet wide and some 150 feet long. 
markable man. Roscoe Conkling and Parallel with this slot there is a canal 
I used to dine with him every Sunday. of great width taking in water from 
These two lawyers, both able men, on the river. From the canal to the slot 
opposite sides in politics, and also in there are water-passages from which 
the great Stewart will case, amused and iron pipes 7:! feet diameter descend to 
instmcted mP. much by the exposition the bottom of the slot. At the bot-
of their views on men and things. tom of these the water passes into the 
Both were dead now, and I had two casing of the turbines, and in passing 
frie~ds the less to help me to pass these through these develops power to the 
three years. Part of the time I lived extent of 5000 horse-power for each 
at Tuxedo, an hour from Now York, unit. Three of these are in place. 
where you could have fishing, shoot- The power is given to a Yertical shaft 
ing, boating, bathing, and golf; and 2t feet in diameter except at the three 
I shall never forget the cordial welcome bearings, where it is less. This steel 
I there received from the Potters, shaft extends right up to the surface· 
Bmzes, Lorillards, Delafield3, Fishes, of the ground, ai1d is attached at the 
K ents, Rushmores, Prestons, Van top to the revolving part of the dyna-
Courtlandts, Van Nests, and from Al- mo, which generates the electric cur-
len Lathrop and many others. The rent. Two designs of these turbines 
lovely scenery and genial society of or water-wheels had been received from 
this place helped me greatly to retain Swiss makers, and the selection of the 
health during a period of anxious and best was intrusted to another English 
arduous work. engineer, Professor W. C. Unwin . 
Now I must go on to describe what The company has, besides its powe1s 
has been accomplished. The tunnel on the American side, acquired a con-
of which I spoke is 21 feet high and trol of the rights on the Canadian sidE', 
19 feet broad, and is horse-shoe-shaped. rendering the unuertaking internation-
It was expected that no lining would al in its character, and also in the bene-
be necessary, but at the ontset the roof fits to be conferred. In the autumn 
NEw SEniEs.-VoL. LXII., No.4. 3il 
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of 1892 Professor Unwin accompanied 
me to the Falls, and he then made a 
study for the company of the hydraulic 
work to be done on the Canadian side. 
1:-lo t bat English engineering has been 
represented in more than one part of 
this great work. 
In 18!)2, when I came to examine the 
plans pnt in by various manufacturers,-
! found that some of the crudest work 
conceivable had been suumi tted by the 
Americans. The Europeans sent some 
exce11ent desigM-S, especially the Oer-
likon Fabrik, near Zurich. But these 
makers were handicapped by the duty 
imposed on machinery imported into 
Ame1ica. There was, however, one 
fatal defect in all the plans then or 
snbsequently submitted by the manu-
facturers. I must explain that all the 
revolving parts of turbine, shaft, and 
dynamo have their weight supported 
by a hydraulic piston in the turb ine-
being balanced, in fac t, by the water-
pressure. 'l'he total weight which 
could be supported was thus strictly 
limited. Also, the designers of the 
turbines (Messrs. Faesch & Picard of 
Geneva) required that there should be 
a certain momentum or J:ly-wheel effect 
to assist the n•gulation of speed. In 
none of the designs submitted had the 
revolving part of the dynamo sufficient 
fly -wheel effect. In every case it was 
necessary to add a large heavy fly-
wheel; and in every case this increased 
the weight beyond what was permissi-
ble. The American manufacturers 
were ent-reated to alter their dynamo 
designs to meet this difficulty. They 
tried, but they were unable to do so. 
We were then in a most awkward dilem-
ma, and it looked as if a serious depar-
ture from the original design of tur-
bines must be made. Meanwhile I had 
been constantly working at various new 
designs, and at this stage I saw that, 
for the credit of the company, it was 
imperative that I should, if possible, 
get out a design on new lines which 
should have the required fly-wheel ef-
fect without too great a weight. A 
dynamo always consists of two main 
partR, a fixed and a revolving part. In 
e>ery one of the many designs sent in 
the revolving part was central-i.e., 
inside of the fixed part: It occurred 
to me that if I could make the external 
part revolve I should get a maximum 
of fly-wheel effect with a minimum of 
weight. By making the external part 
bell-shaped, I was able to attach the 
centre or top of the bell to the top of 
the vertical shaft, and the central fixed 
part resting on the floor could be reach-
ed from below. I proceeded to get out 
rough designs, and found, with the 
utmost satisfaction, that I could meet 
all the requirements of the turbine-
makers. I also found that this design 
gave far greater mechanical strength to 
the revolving part of the dynamo-an 
important matter, with this forty tons 
revolving more than four times a sec-
ond. Fnrther, the magnetic attrac-
t ions which in all the other designs in-
creased the dangers from centrifugal 
force, in my design actually diminished 
them. It soon became evident that 
this happy idea of revolving the exter- ' 
nal parts completely extricated the 
company from the very awkward dilem-
ma in which they had been placed. I 
then proceeded with a large staff of 
draughtsmen to get out the working 
drawings, and I secured an American 
patent as a protection to myself and 
my company. It was a matter of con-
siderable satisfaction to all concerned 
that I had thus so simply got over the 
serious difficulty :which at one time 
threatened ns with starting afresh on 
all the machinery, turbines and all. 
We were now able to feel quite easy 
about the hydraulic and electric gen-
erating plant. The only weak part in 
the scheme seemed to me to be the ver-
tical steel shaft. The officials, how-
ever, were satisfied, as it had been 
passed by the Swiss firm who designed 
the turbines (though made in Phila-
delphia). I had always wished to put 
the dynamos at the bottom of the pit 
close lo the turbines, and I still be" 
lieve that this arrangement would have 
served us better. 
The designing of a suitable dynamo 
was, however, only one of a number of 
difficulties that had to be overcome. 
Some of these were of an engineering 
character, but others savored of " poli-
tics" in the sense in which that word 
is used in the States. There jJOldics 
means intriguing, underhand dealing, 
and jobbery, and is always used in con-
versation to express that meaning. 
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Until I went to America the manufac-
+.urers of elect rical machinery never 
had a consulting engineer to reckon 
with, but dealt directly with the finan-
ciers, who knew nothing about cost or 
efEciency of machinery. When they 
knew that I was to advise the Niagara 
Company, they tried by every means 
in their power to revert to the old 
plan. E1·ery game of bluff, bounce, 
and threats was used, but without the 
least effect. One of our engineers, in 
another uepartment to mine, who knew 
no thing of electricity, was completely 
taken in by one of these firms. Th1 s 
and other intrigues hindered me a good 
deal in carrying out my plans. Then, 
again, I had at times great difficulty 
in keeping the president and vice-presi-
dents in hand. One of the latter, after 
he had learnt a little about ohms and 
volts, believed himself capable of in-
structing me as to which tenders I 
ought to recommend for acceptance, 
and did his best to try to influence my 
judgment. Most of them began to 
think they knew something about the 
subject, and that they were quite capa-
ble of settli ng what t ests the machines 
should be put to. All this was gener-
ally amusing enough, but became al-
most trag ic at times when I found 
them end angering the whole work. On 
such occasions 1 would write to my 
millionaires and tell them that if they 
did not do what I told them they 
would be personally answerable to the 
directors and shareholders for any dis-
aster that might occur. This always 
had the desired effect, and my point 
was carried. I fear that at times they 
wished me at Jericho, but after any 
one of these tiffs was over I think they 
were glad that I had taken that line. 
I h ave said that there were many 
new electrical problems to attack. One 
of these was a new departure on my 
part, which involved a very heavy piece 
of calculating and designing before I 
could be perfectly certain that my con-
clusions were correct. It occurred to 
· me that with the large machinery we 
were using (the dynamos which I de-
sig ned wero three or four times as pow-
erful as any that had then been made) 
it would be best to make the alternat-
ing current reverse its direction as 
slowly as was consistent with making a 
good dynamo. This would not do so 
well fot· lighting, but for a powe1· sta-
tion like ours the ad vantages were pow-
~rful and numerous. The one objec-
tion that struck me was that the ma-
chines used for changing the electric 
pressure would be more expensive. 
This compelled me to design all these 
machines (th ey are called transform-
ers), and to calculate the cost of con-
struction. I was then agreeably sur-
prised to find that the cost was enor-
mously less than any one bad dreamt 
of. At the same time, out of every 
100 horse-power pn i; into such a trans-
form er we could get out 98i horse-pow-
er, a result which had nerer been ap-
proached in smaller machines. Then, 
again, some of the manufacturers 
threatened us with patent-litigation if 
we used certain types of machinery, so 
I had to get out designs of another 
kind of motor to drive the mills, EO 
that in any eventuality we should be 
prepar~d and able to go on in spite of 
these threats. 'rhen our first custom-
ers wanted continuous current, and I 
had to select a method of making the 
conversion . In fact, I found myself 
obliged, before we advanced a step, to 
have all the designs ready for manu-
fact.uring all kinds of machinery, even 
if they were not all to be used. This 
work, carried out nuder all kinds of 
difficulties put in my Wtty, was chiefly 
done in the summer of 1893 at the 
Falls. I hacl a lovely house in park-
lik~ grounds (as the agents say) on the 
banks of tlie placid river above the 
upper rapids. I went to bed early and 
rose at five or six in the morning, and 
I shall never forget . the delights of 
these glorious summer mornings at one 
of the most beautiful sites in the whole 
neighborhood. In the afternoons I 
generally took a drive in a buggy on 
the Canadian side, where the roads 
were passable, and sometimes I rode. 
I had a nigger servant to look after the 
house, who differed from all his race I 
evet· saw in his desire for work. If I 
did not want the gravel rolled. or the 
grass cut, he grumbled. He always 
got up at five o'clock, and prepared 
my bath. I used to ask Jim about his 
previous life, and found he had been 
"porter" on a railway, and latterly 
servant in a gami.Jling-hell in Buffalo ! 
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He was a good servant. This house 
uelonged to one of the Porter family, 
who have long owned most of the prop-
erty here. A Miss Portet· was once 
travelling in Europe, and at the table 
d'h6te bet· neighbor said, "Oh, if you 
ttre an American I suppose · you ha\'e 
seen Niagara Falls?" She turned to 
her inquirer, and fixing him with her 
eyes, she said, " I own them !" 
An Englishman in America should 
always try to retain his Englishness,-
otherwise in a year or two he will be 
red need to the le,·el of an average 
American. Where all men think them-
selves eqnal, individuality is at a pre-
mium. An American once tried to 
find fault with me for pitching into 
my servant, because, forsooth, all men 
were equal. I never saw the man be-
fore, and would never see him again . 
o I told him that if he wished to be 
placed on a par with my valet I would 
williugly acquiesce, but he must not 
attempt to define my place on so short 
an acquaintance. 
I acqnireu quite a reputation on the 
New York Central Rail way from a lit-
tle Englishman. I had forgotten all 
about it when a friend at the Falls, ar-
riving home from New York, said he 
had heard of me. " How is that ?" I 
asked in the vernacular. " Well," he 
said, " you seem to be able to get the 
better of the conductors on onr rail-
ways" (the most insolent class of men 
in the country). "I was talking to 
one on the cars, and when he beard I 
belonged to Niagara Falls he said, ' Oh 
then, yon know Professor Forbes.' I 
said I did, and he said, ' Well, there's 
no flies on him.' I asked him why, 
and he said, 'One night we were com-
ing from New York, and in the early 
morning six of us conductors were in 
the smoking-room yarning when in 
comes Professor Forbes : he takes a 
look round and then says, ''I want to 
smoke, but pray don't distu-r·b your-
selves, I am only a passenger;" and 
we all put our tails between our legs 
and slunk out, and then we roared 
with laughing to think how he had 
got the better of us in his quiet way. ' " 
These were very happy days, though 
I lived quite a solitary life. Of course 
I had anxieties and worries, but I felt 
quite certain of loyal support in any 
case where the safety of the work was 
threatened. 
The d.vnamcs were at last made and 
tested, after most annoying delays and 
disingenuousness on the part of the 
manufacturer. The makers of the 
transformers and machinery for get -
ting a continuous current, on the other 
hand, were prompt and obliging, and 
the tests came out well. Then I got 
bids for the appliances for transmitting 
power to Buffalo. All the conclusions 
I had anived at from my own designs 
were no.w confirmed. Their cost per 
horse-power, even with my low fre-
quency, was a fiflh part of those that 
had been used for lighting, and tbe 
efficiency guaranteed was as I had 
stated. I decided on all this trans-
mission plant, aud it is not now put in 
only because the Buffalo people want 
to get the power for next to nothing. 
There is too much ''politics" in this 
business at Buffalo. Another triumph 
I have had is, that engineers all over 
the world have learned to appreciate 
my low frequency of alternations, while 
we ourselves have found new merils in 
it at every step. 
I had also arranged for special ap-
paratus for people who hall. set up a 
factory within a mile of the power-
house, and who wanted 1000 hone-
power, and wished to be able to vary 
the electric pressure during the heat-
ing of their electric furnace. Arrange-
ments for arc lighting, for tramways 
and house-lighting, had also to be ar-
ranged. When this was all completed 
and the first plant in place, the period 
of construction and design gave way to 
a periorl of dividend-earning, and my 
continuing to take charge would have 
swallowed up too much of the annual 
income, so I concluded my engage-
ment with the company. ln writing 
my fat·ewell letter, I felt how much I 
had been assisted by the acting direct-
ors, and I told them so while summa-
rizing the results which we had been 
enabled to attain to. In this letter 1. 
said that we now had completed a work: 
which for successful working, security 
against break-downs, high efficiency, 
and low coast, was ahead of anything 
that had hitherto been even dreamt of, 
and that 1 was confident of a great suc-
cess from a commercial point of view. 
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The company, through their presi- importance, the neglect of which wonld 
dent, replied in cordial terms as to the have been a crime. Owing to the sup-
satisfactory results of our co-operation, port I obtained from the acting direct-
from which it may be interesting to ors, the whole work for which I was re-
make the following ex tract :- sponsible has been put in place and set 
"In our desire to secure the best tbeoreti- agoing without a single hitch. This is 
cal results under your eminent and valuable not usual in a novel work of so great 
advice, it has been most gratifying to h ave magnitude. I feel confidence in as-
h ad your cordial co-operation up to this point, serting that so long as the i nstrnctions 
where the commercial manufacturers are I insisted upon are acted on, there will 
ready to give us satisfactory guarantees of be no trouble with the electrical rna-
performance. 
" When you were selected as the eleetrical chinery · 
consulting engineer of this company, we rec- In jotting down these personal ex-
ognized that the novelty in the proposed size periences, I may have failed to give a 
of units tote used in the Niagar11. installation, coup d' ceil of the whole scheme. Now 
and in the character of the station proposed 1 f 
for the generation and distribution of power, there is at the Falls a sm~tl tower o 
was such that we must have the benefit of the observation, like Eifl'el's, 300 feet high. 
very highest scientific advice. We furth er 'rbe last time I was there I penned a 
recognized that in the advocacy of the use of letter to the" Times," which was pub-
the alternating current and of low frequencies lished at the end of the year 1894, from 
you were a pioneer, and we join you in the 
feeling of just sa ti sfacbion in the conclusion which I may make an extract : ·-
which has now been reached in respect of 11 I am perched on the top of a small 
those features. In this, too, your indepen- Eifl'el tower, lately erected, and casting 
deuce of thought and action bas been of pe- my eyes up the river, over the honse-
culiar sel'Vice, while, through your original I I 
design of the stationary armature and revolv- tops and beyond t 1e town, see a new 
ing [external] field of the generators, adopted world created. 'rbere is a wide canal 
by us, you have relievecl us of one most em- leading water from the river into that 
banassiog question in connection with the gigantic tower-house where three tnr-
relation of the generator to the turbine. Nor hines are set up to drive three dyn amos 
can we fail to rec.ognize the value of the vast 
fund of information which you have brought of 5000 horse-power each. There is 
to us concerning electrical installations in the bridge to carry cables across to the 
different parts of the world, and well de- transformer house. Ins ide the tower-
scribed in your various and exhaListive re- house the water is ca,rried down pipes 
po,~t~~ making you this partial expression of . 7~ feet ~iameter into the turbines, and 
our appreciation of your assistance dul'ing thence It passes through a 7~00-feet 
your professional connection with this com- tunnel under the town, emergmg be-
pany, we be~ to assure yo~ that we now part low the Falls, the tunnel being capable 
fr oll?- you with the b est w1she~. for your pro- of developing 100,000 horse-power. 
fesswnal and personal succesf. F tl h t d tb 
The letter from which I have made 
this extract attr ibutes the splendid re-
sults which we attained ·mainl.Y to en-
gineering skill. I am inclin ed to be-
lieve_ that they were fully as much the 
result of an exercise of tact, judgment, 
and forbearance, combined with firm-
ness-qualities which I do not hesitate 
to 8aV that both the officers of the com-
pany' and myself recognized in each 
other, and without which we should 
have fo und it difficult to obtain satis-
faction from lhe manufacturers. We 
had the utmost difficulty in enforcing 
proper tests for balance of the dyna-
mos, and the strict rule that no circuit 
should be suddenly opened or closed 
while carrying a large cunent. I men-
tion these as being two matters of prime 
! ar as 1e eye can reac ex en e 
company's lands, with here and there 
a hnge factory either now using the 
water-power, or waiting for the elec-
tric supply. One of them uses 3300 
horse-power, another 300, a third one 
1500, and that unfinished one requires 
1000. You can see, far away, the 
model village for working men, ancl 
impro,-ed sewage-works with drainage, 
pumps for water-supply, electric light, 
and well-paved streets. 'rhere again is 
the dock where ships from all parts of 
the Great Lakes can unload, and there 
a huge expanse of reclaimed land ; 
while the whole is swept b.Y the com-
pany's railway, seven miles long, con-
necting every factory with the great 
trunk Jines." 
Since these words were written the 
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machinery has been set to work on its 
commercial task of supplying power 
and earn"ing money. 
'rhe directors have no present desire 
to send the current to great distances. 
H will pay better to create a smokeless 
manufacturing town in the neigh bar-
hood. If required, the power could be 
sent much more than a hundred miles, 
and still be more economical than 
steam, even though coal is cheap there. 
In couutries where power is much want-
ed, but very costly, the electrical trans-
mission will be successful at distances 
of many hundreds of miles. Such 
cases occur in many places where there 
are valuable mines but no fuel. 
In conclusion, I may say that the 
work done at Niagara is the forerunner 
of much more, and already I have in 
hand the preparation of plans of 
schemes nearly as important. . 
I also wish to bear tribute to the 
kindly friendship which I almost uni-
versally experienced at the hands of 
American engineers. Hardly a single 
case occurred where any jealousy was 
shown at au Englishman (or rather 
Scotchman) being selected to carry out 
the work.-Blackwood's J.lfagazine. 
THE PRESENT CONDITION OF RUSSIA. 
BY PRINCE KROPOTKIN. 
THERE is not the slightest doubt that 
the feeling which now dominates in 
Russia is the need of a deep, thorough, 
and sincere revision of all the most 
fund amental co-nditions of existence of 
the nation. The best men of Russia, 
in all classes and strata, are convinced 
by this time that it is no longer possi-
ble to persevere in the direction which 
national life has followed for a time ; 
that to do this would mean to throw 
all further development on a false 
track ; to paralyze the best .energies, 
to vitiate nationctl character itself, and 
to prepare national catastrophes, un-
fathomable as to their ultimate results ; 
that an effort must be made to get out 
of the old grooves and to find the way 
to open a new phase of development. 
All -nations have known such periods. 
Western Europe, too, is feeling at this 
moment the need of a fundamental re-
vision of the bases of its economical 
life. But nowhere is this need fell so 
acutely as it is in Rmsia. No other 
nation of Europe has ever had to face 
such national calamities as the famine 
years of 1891 and 1892, and to con-
vince itself of its utter helplessness to 
prevent like calamities in the future ; 
no nation has undergone such a sys-
tematic annihilation of all its organs 
of local self-government, and such an 
obstruction of all the channels in which 
the local constructive forces could find 
an issue from the present difficulties; 
and none has seen such formid able 
weapons of repression, so obstinately 
applied for a succession of five-and-
twenty years, to prevent the best forces 
from becoming active factors in na-
tional life. Now here else do the prob-
lems at issue involve so deeply the very 
first conditions, economical and politi-
cal, required for the life of a nation. 
'rhe feeling I speak of is not of yes-
terday' s birth. It dates from the .fam-
. ine of 1891, when thousands of men 
and women were brought face to face 
with the undescribable misery of the 
peasants,* and could ascertain on the 
spot how the best energies of private 
men, and the endeavors of what then 
remained of local self-government, 
were paralyzed by the functionaries, 
who treated every effort going beyond 
mere charity as an encroachment upon 
theit· own spheres of activity. Since 
that memorable year, optimism. ot· in-
difference being no more possible, a de-
cided revival of public opinion has be-
gun to take place in Russia. . 'rhe 
whole tone of the daily press, the re-
view, the book of economic sc ience, 
and even the novel has changed ; and 
* More than twenty years ago an I mperial 
Commission concluded its report upon the 
state of the peasants by these words : " The 
p easantry is now in such a state, that a slight 
failure of crops will unavoidably result in a 
tel'l'ible famine. " The prediction was only 
too just. 
